Both predators and brood parasites can be major threats to the reproduction of many birds. A new study shows that some cuckoo chicks can help deter nest predators, potentially improving host reproductive success when predation risks are high.
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As Tennyson once famously wrote, nature is ''red in tooth and claw'', and antagonistic interactions among species are ubiquitous in the natural world. These often result in evolutionary arms races, with each party fighting to stay ahead of the other. Two of the most common interactions are predator-prey and brood parasite-host relationships [1] . Many breeding birds face both of these threats: nest predation is extremely common, but some birds face the added risk of also being duped into rearing completely unrelated offspring. Here, brood parasites such as various cuckoo species, lay their eggs in the nests of other birds, so that the hosts or foster parents rear the chick instead and incur the costs of parental care. While many hosts of cuckoos and other parasites show defences against the intruders (such as mobbing adult cuckoos or rejecting foreign eggs [2] [3] [4] ), not all do. A new study by Canestrari et al. [5] shows that there may sometimes actually be a benefit to having a brood parasite in the nest, by virtue of protection from predators, and that this may explain a lack of host defences.
In northern Spain, carrion crows (Corvus corone corone) are parasitized by the great spotted cuckoo (Clamator glandarius). Unlike some other brood parasites, the great spotted cuckoo chick does not evict or kill the host's offspring, but is instead reared alongside them, meaning that host young can survive and fledge in many nests ( Figure 1) . Offspring of the great spotted cuckoo secrete a foul smelling repellent substance that has been suggested to deter predators (Figure 2 ), and Canestrari et al. [5] theorised that the presence of a cuckoo chick in the host nests might also aid the other host chicks present. The authors combined three lines of exploration to test this idea. First, they used data from 16 years of crow reproductive success in the field. Next, they conducted experiments whereby they manipulated some crow nests by adding one or two cuckoo chicks, removing cuckoos, or leaving some nests unmanipulated (both with and without a parasite). Finally, the authors analysed the composition of the chemicals the cuckoo chicks secreted, and undertook tests on three potential nest predator groups (cats, crows, and raptors) to determine its effect on deterring them from food (meat pieces either treated with the cuckoo secretion or simply with water).
The long-term data showed that parasitized nests were more likely than unparasitized nests to produce at least one crow chick to fledging (a 76% versus 54% chance of success). However, among nests that produced at least one young, fewer host offspring were fledged in nests with cuckoos than those without. The net effect effectively meant that there was no clear difference in the overall number of crows fledged in nests that were parasitized with those that were not. The nest manipulations supported this data. When cuckoo chicks were removed, nest success declined from about 60% to just 31%. In contrast, adding a cuckoo chick increased success from around 38% to 71%. Reassuringly, the magnitude of the changes was very similar in each data set, and in contrast, simply moving crow chicks between nests had no effect on success. In the behavioural assays of how predators avoid cuckoo chicks, all three potential predator groups were less likely to eat the meat treated with the secretions than the control pieces. Chemical analyses also showed that the secretions comprised several repulsive compounds, including acids, phenols, and sulphurcontaining compounds, many of which were not present or present at lower amounts in the crow faeces.
These combined pieces of evidence led the authors to conclude that the most likely explanation for the nest success results is that cuckoo chicks reduce the risk of predation through the chemical secretions that they produce. The authors argue that depending on the intensity of predation each year, the relationship between cuckoo and host effectively switches from parasitism to mutualism, whereby the host can benefit from the presence of the parasite chicks through improved host young fledging success. Because nest failure due to predation is highly variable, between 21% and 78% depending on the year, it means that the benefits and costs of parasitism could fluctuate greatly over time (and presumably different populations too). Correspondingly, the authors found that in years of low nest predation, cuckoos decrease reproductive success, whereas in years of high nest predation, parasitized nests produce more fledglings than unparasitized nests. Although the study does not directly demonstrate cuckoo secretions deterring wild predators, the findings all point in the same direction.
Canestrari et al. [5] could find no clear costs to the crows of raising a cuckoo chick, including in measurements they took relating to fledging condition, additional parental provisioning that may be needed to raise a cuckoo, or on parental survival and reproduction the following year. As such, the costs of a cuckoo chick seem to be low, most likely because crow chicks are themselves quite large and require substantial provisioning. However, this does not explain why there was a reduction in the number of crow chicks that fledged when a cuckoo was present, which implies that there must be some unmeasured cost. Regardless of whether it is technically correct to call this situation a mutualism, the study nicely shows that not all brood parasites are as terrible for hosts as is often thought, at least in species where parasites are reared alongside the host chicks, as, for example, is often seen in some cowbirds [6] .
Canestrari et al.'s [5] study also addresses the issue of why some host species lack defences against parasites. In the first instance, this seems strange but there are several potential explanations. First, some species may be relatively new hosts that have not had the chance to evolve defences (evolutionary lag). This is, for example, often suggested as a possible reason for why dunnocks (Prunella modularis) do not reject common cuckoo eggs [7] . In other instances, a lack of defence may represent the best solution. For example, in hosts of the Jacobin cuckoo (Clamator jacobinus) there is a relatively high chance of cuckoo eggs being mistimed in terms of host incubation, and therefore often not greatly decreasing host success. In addition, as the breeding season progresses, both predation and parasitism rates increase, meaning that it may be optimal to accept a cuckoo egg rather than re-nest [8] . Canestrari et al.'s work [5] shows that in their system a lack of defences may arise if the parasite is of little cost or even beneficial, especially in years of high predation risk. The study also shows that costs (or even benefits) can fluctuate considerably over time, and likely space too (predator abundance can vary greatly among populations). Therefore, a range of factors can affect presence or absence and levels of host defences, in addition to those already known (such as rates of parasitism [9] ). Interestingly, the authors discuss that there is a lower predation rate in magpie (Pica pica) nests parasitized by the cuckoos too, and magpies do have defences against cuckoos [10] . This may arise if magpies suffer greater costs from parasites than crows (being smaller), meaning that the costs of parasitism nearly always outweigh the potential benefits in predator deterrence. One question is whether any defences in systems like this may be plastic depending on the prevalence of predators. Previous work has shown on various occasions that many hosts are tuned to parasitism rates or risks in a population, and that, for example, hosts show heightened defences when the perceived risks of parasitism are higher [11] . It is not inconceivable that hosts could somehow monitor predation risk, either by directly observing predators, or through some indirect means, in addition to parasitism risk. As such, we would expect hosts to be less defensive against parasites when predation risk is higher.
Finally, anti-predator defences, including secretions and startle-like displays involving a parasitic chick rearing up and 'snapping' its gape when disturbed, seem to occur in other species too. This means that there is the possibility of benefits to hosts in other species as well, although this would presumably be limited to systems where host chicks at least sometimes survive parasitism.
Above all, this study shows that outcomes of evolution and optimal strategies, in this case presence and levels of host defences, will depend on an intricate play-off between a variety of competing selection pressures, not just those directly related to parasitism itself, and that such outcomes can fluctuate with time and location. Brood parasites and predator-prey relationships have long been central to understanding how evolution works, and there is no reason for that to change any time soon.
